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Semiconductor device and method for manufacturing the same 



(54) 

(57) A semiconductor device includes a rectangular 
semiconductor chip (201, 301) having a main surface, a 
stripe-form semiconductor element forming portion 
(271) formed in parallel to one of sides of the semicon- 
ductor chip (201 , 301) to cross the main surface, a first 
groove portion (205a) formed along one of sides of the 
semiconductor element forming portion (271) in a longi- 
tudinal direction, a second groove portion (205b) formed 
along the other side of the semiconductor element form- 
ing portion (271) in the longitudinal direction, the second 
groove portion (205b) including a hollow space which is 
enlarged in substantially a central portion, a surface elec- 
trode (213) formed on at least part of an upper portion 
of the semiconductor element forming portion (27X), an 
external lead connecting terminal electrode (214a, 214b, 
214c, 214d, 214e, 214f, 214g) formed in the hollow 



space, a wiring (281) formed on part of a bottom surface 
and a side surface, which is adjacent to stripe-form por- 
tion (271), of the second groove portion (205b), for elec- 
trically connecting the surface electrode (213) with the 
terminal electrode (214a, 214b, 214c, 21 4d, 21 4e, 21 4f, 
21 4g), a first dummy electrode (224) formed at least on 
the main surface of the semiconductor chip (201, 301) 
to face the semiconductor element forming portion (271 ) 
with the first groove portion (205a) disposed therebe- 
tween, and a second dummy electrode (223) formed on 
the main surface of the semiconductor chip (201, 301) 
to face the semiconductor element forming portion (271) 
with the second groove portion (205b) disposed there- 
between. 
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Description 

This invention relates to a semiconductor device, 
and more particularly to the electrode structure of a sem- 
iconductor device having an irregular surface and a s 
method for manufacturing the same. 

A semiconductor device is formed to have an irreg- 
ular surface on the semiconductor substrate in many 
cases. For example, in a semiconductor laser, the elec- 
trode portion for supplying a current to a semiconductor io 
active layer is formed in a stripe form on the active layer 
and the BH structure (Buried Hetero structure) is known 
as the electrode structure. The semiconductor laser of 
the above structure sometimes utilizes a structure in 
which groove portions are formed on both sides of the is 
str jpe-fof m active layer to cut apart the current block lay- 
ers formed on both sides of the active layer. With the 
above structure, a bonding pad portion connected to the 
anode is formed in addition to the stripe-form electrode 
portion and the bonding pad portion is connected to the 20 
electrode portion via a wiring film formed in the groove 
portion. Thus, the electrode portion of the semiconductor 
substrate is formed on the flat surface portion of the com- 
plicated structure having an irregular surface. Therefore, 
the electrode forming method makes it necessary to uti- 25 
iiZ6 complicated steps. 

Next, the semiconductor laser with the conventional 
structure having the groove portion is explained with ref- 
erence to FIGS. 1, 2 and 3A to 3E. FIGS. 1 and 2 are 
schematic perspective views of an InGaAsP/lnP -series 30 
semiconductor laser for optical communication, and 
FIGS. 3A to 3E are cross sectional views showing the 
steps of the semiconductor laser manufacturing process 
in due order. 

As shown in FIG. 1, a plurality of light emission 35 
areas/waveguides (active layers) 1 10 of stripe form are 
formed on an n-lnP semiconductor substrate 101 by the 
crystaJ growth. As the growth method, the LPE method 
(□quid Crystal Epitaxy), MOCVD method (Metal- 
Organic Chemical Vapor Deposition) or the like is used 40 
and the above method is also used to form the following 
compound semiconductor layer. The active layer 1 10 is 
formed of undoped In GaAsP -series compound semicon- 
ductor. On both sides of the active layer 110, n-type InP 
layers (not shown) acting as current block layers and 45 
upper and lower p-type InP clad layers (not shown) dis- 
posed on the upper and lower surfaces of the current 
block layers are formed by the crystal growth. Part of the 
stacked body containing the current block layer is sepa- 
rated from the active layer 1 10 by means of stripe-form so 
groove portions 105. The groove portions 105 are 
formed such that parts of the stacked body will be left 
behind on both sides of the active layer 1 10. 

A p-type InGaAs contact layer (not shown) is formed 
on the upper p-type InP clad layer. The grooves are 55 
formed on both sides of the active layer 1 1 0 to construct 
a mesa structure. Since the groove portions 105 are 
formed such that parts of the stacked body will be left 
behind on both sides of the active layer 1 10, the mesa 



structure is formed with the active layer disposed 
between the parts of the stacked body. The surface of 
the semiconductor substrate 101 except the surface of 
the electrode portion is covered with an Si0 2 insulative 
film 107. Further, stripe-form ohmic contact electrodes 
(AuZn) 1 12 for current injection are formed to cover the 
upper surfaces of the respective active layers 110. 

As shown in FIG. 2, the ohmic contact electrode 1 1 2 
is formed to cover the above structure and a lead-out 
electrode (Ti/Pt/Au) 113 for electrical connection is 
formed. Further, a bonding pad (Ti/Pt/Au) 1 14 is formed 
on the surface of the semiconductor substrate 1 0 1 by the 
vacuum deposition method. The lead-out electrode 113 
and the bonding pad 114 are electrically connected to 
each other via a wiring formed on the internal portion of 
the groove portion 1 05 in the surface of the semiconduc- 
tor substrate 101 . Therefore, the lead-out electrode 113, 
bonding pad 114 and the wiring for electrically connect- 
ing them together are integrally formed and construct an 
element electrode as a whole. 

Next, a method of manufacturing the above- 
described semiconductor laser device by use of the pho- 
tolithography is explained with reference to FIGS. 3A to 
3E. FIG. 3A is a cross sectional view taken along the 3A- 
3 A line of FIG. 1 . In FIG. 3 A, the active layers, clad layers, 
current block layers and groove portions are already 
formed in the semiconductor substrate 101 and the 
stripe-form electrodes 112 for current injection are 
formed to cover the upper surface of the stripe-form 
active layers. An area of the main surface of the semi- 
conductor substrate 101 except a portion in which the 
above electrode is formed is covered with an Si0 2 insu- 
lative film 107 (FK3. 3A). 

A metal film 1 1 6 formed of a stacked film of Ti/Pt/Au 
is uniformly formed on the entire portion of the main sur- 
face of the semiconductor substrate 101 by the vacuum 
deposition method. In this case, the electron beam 
vapor-deposition method of high directivity is used. An 
electrode material is deposited on the main surface of 
the semiconductor substrate 101 by use of an electron 
beam vapor-deposition system and the metal film 1 1 6 is 
deposited. Since the groove portions 105 are formed in 
the main surface of the semiconductor substrate 101 and 
stepped portions are formed, the electron beam vapor- 
deposition system having a rotation and revolution (plan- 
etary) mechanism is used to uniformly deposit the metal 
film also on the side portions of the stepped portions. 

That is, the main surface of the semiconductor sub- 
strate which is a to-be-processed object is set to face the 
vapor-deposition source of the electron beam vapor- 
deposition system at an adequate tilt angle so that metal 
particles will be applied to the main surface of the sub- 
strate in a direction indicated by the arrow 115. Further, 
as shown in FIG. 3B, metal particles can be applied to 
and vapor-deposited on the main surface of the substrate 
in every directions by revolving the semiconductor sub- 
strate 101 in the B direction around a rotation axis (not 
shown) which is separated from and set in parallel to the 
rotation axis Y-Y passing substantially the center of the 
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substrate and lies outside the substrate while rotating the 
semiconductor substrate 101 around the rotation axis Y- 
Y in the A direction. By the above method, the metal film 
1 16 is uniformly deposited. Breakage of the metal film 
on the shoulder portion of the stepped portion can be 5 
prevented by using the electron beam vapor-deposition 
system having a rotation and revolution mechanism. 

Next, a photoresist 117 is coated on the semicon- 
ductor substrate 101 to prevent breakage of the metal 
film on the shoulder portion of the stepped portion. Then, 10 
a photomask 1 1 8 is disposed on an area in which elec- 
trodes on the semiconductor substrate 101 are formed 
and ultraviolet rays 1 1 9 are applied to the photoresist 1 1 7 
via the photomask to expose the photoresist and thus 
pattern the photoresist 1 1 7 (FIGS. 3C, 3D). is 

Next the metal film 1 1 6 is etched with the patterned 
photoresist 117 used as a mask so as to form an elec- 
trode 1 20 formed of the stacked film of Ti/Pt/Au (FIG. 3E). 
The electrode is constructed by an electrode portion 113 
for current injection, a bonding pad portion 114 for con- 20 
necting a bonding wire for transferring a signal from the 
other circuit or semiconductor element to the semicon- 
ductor device, and a wiring portion for connecting the 
above portions together. Finally, the photoresist is 
removed to complete the semiconductor device as 25 
shown in FIG. 2. FIG. 3E is a cross sectional view taken 
along the 3E-3E line of FIG. 2. 

In the above electrode forming method, the resist is 
formed in the electrode forming area after the metal film 
has been formed on the entire surface of the substrate 30 
and then an unnecessary portion of the metal film is 
removed by etching with the resist used as a mask. In 
the other electrode forming method, it is possible to 
vapor-deposit a metal film on the entire surface of the 
substrate by removi ng the resist on the electrode forming 35 
portion after the resist has been formed on the entire sur- 
face of the substrate, and applying metal particles in 
oblique directions while rotating and revolving the sub- 
strate. In this case, the unnecessary portion of the metal 
film is simultaneously removed by mechanically separat- 40 
ing the resist after deposition of the metal film (lift-off 
method). 

The thus constructed conventional semiconductor 
laser has the following problem in the structure and 
method. 45 
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effected for the substrate surface having a compli- 
cated irregular surface portion tends to cause a 
problem of breakage of a wire at the shoulder portion 
of the irregular surface portion of the photoresist and 
it is not a simple method. 

3) Further, in a case where the vacuum deposition 
method of rotation and revolution type is effected, a 
cfifficult technique of forming the resist in a multi-lay- 
ered structure and making the resist thick is required 
in order to effect the liftoff method or the like. 

The above problems 1) to 3) make it necessary to 
add the difficult technique to the photolithography proc- 
ess or vacuum deposition method which is originally a 
simple method. Addition of the difficult technique makes 
it difficult to manufacture the device in a simple construc- 
tion on an experimental basis. Further, in the case of 
mass production, problems that the construction of the 
semiconductor manufacturing device is complicated, the 
number of process is increased, the yield is lowered and 
the like will occur. 

An object of this invention is to provide a semicon- 
ductor device capable of attaining the connection or dis- 
connection between the electrode and the other 
conductive area by use of a simple method without add- 
ing a complicated step when the electrode is formed on 
the main surface of a semiconductor substrate having an 
irregular surface portion and a method for manufacturing 
the semiconductor device. 

In order to attain the above object, a semiconductor 
device of this invention comprises a rectangular semi- 
conductor chip having a main surface; a stripe-form sem- 
iconductor element forming portion formed in parallel to 
one of sides of the semiconductor chip to cross the main 
surface; a first groove portion formed along one of sides 
of the semiconductor element forming portion in a longi- 
tudinal direction; a second groove portion formed along 
the other of the sides of the semiconductor element form- 
ing portion in the longitudinal direction, the second 
groove portion including a hollow space which is 
enlarged in substantially a central portion; a surface elec- 
trode formed on at least part of an upper portion of the 
semiconductor element forming portion; an external lead 
connecting terminal electrode formed in the hollow 
space; a wiring including at least a portion formed on part 
of a bottom surface of the second groove portion and that 
one of side surfaces of said second groove portion which 
is adjacent to the semiconductor element forming por- 
tion, for electrically connecting the surface electrode to 
the terminal electrode; a first dummy electrode formed 
at least on the main surface of the semiconductor chip 
to face the semiconductor element forming portion with 
the first groove portion disposed therebetween; and a 
second dummy electrode formed on the main surface of 
the semiconductor chip to face the semiconductor ele- 
ment forming portion with the second groove portion 
including the hollow space disposed therebetween. 

The surface electrode is disconnected from the first 
dummy electrode at least at that one of side surfaces of 



1) In a case where the surface of the semiconductor 
substrate is made irregular, it is required to rotate 
and revolve the semiconductor substrate while it is 
held at an adequate tilt angle as described before in so 
order to form the electrode along the irregular por- 
tion of the semiconductor substrate by the vapor- 
deposition method. To meet the requirement a com- 
plicated special mechanism must be provided on the 
vacuum deposition device which is originally simple ss 
in construction. 

2) Even if the vacuum deposition method of rotation 
and revolution type can be attained without using the 
special mechanism, the photofithography process 
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the f irst groove portion which is adjacent to the stripe- 
form semiconductor element forming portion, and the 
second dummy electrode is disconnected from the wiring 
at least at that one of the side surfaces of the second 
groove portion which is adjacent to the second dummy 
electrode. 

The semiconductor device may further include a 
mesa projecting portion formed in the hollow space and 
having a side surface on which the wiring is formed to 
extend, and the terminal electrode may be formed on an 
upper surface of the projecting portion and connected to 
the surface electrode via the wiring which is formed to 
extend on the side surface of the projecting portion. In 
this case, it is preferable in view of the reliability of the 
wire bonding if the upper surface of the projecting portion 
is made flush with the main surface of the chip. 

The projecting portion may be formed to have a side 
which is perpendicular to the longitudinal direction of the 
semiconductor element forming portion and an inclined 
surface extending to an exterior of the projecting portion 
towards the bottom surface of the second groove portion 
from the side and the wiring may be formed on the 
inclined surface. Connection between the terminal elec- 
trode and the surface electrode can be attained with high 
reliability by use of the wiring formed on the inclined sur- 
face. The side surface of ine projecting portion except a 
portion in which the inclined surface is formed may have 
a side surface formed to inwardly or vertically extend 
from an edge portion of the upper surface of the project- 
ing portion. 

The semiconductor element forming portion may be 
formed to include a branch portion extending in a direc- 
tion towards the hollow space included in the second 
groove portion, the branch portion may be formed to 
have a side which is perpendicular to the longitudinal 
direction of the semiconductor element forming portion 
and an inclined surface extending to an exterior of the 
branch portion towards the bottom surface of the second 
groove portion from the side and the wiring may be 
formed on the inclined surface. Connection between the 
terminal electrode and the surface electrode can be 
attained with high reliability by use of the wiring formed 
on the inclined surface. The side surfaces of the semi- 
conductor element forming portion except a portion in 
which the branch portion is formed may have side sur- 
faces formed to inwardly or vertically extend from edge 
portions of the upper surface of the semiconductor ele- 
ment forming portion. 

The side surface of the area in which the first and 
second dummy electrodes are formed in the first and 
second groove portions may be formed to have a side 
surface formed to inwardly or vertically extend from the 
edge portion of the upper surface of the area so as to 
stably isolate the wiring. 

It is preferable to construct the side surface of the 
second dummy electrode forming area which faces the 
semiconductor element forming portion only by a side 
surface parallel to the longitudinal direction of the semi- 
conductor element forming area and a side surface fac- 



ing the side surface of the semiconductor element 
forming area in the longitudinal direction at a tilt angle. 
Typically, the plane shape of the hollow space is prefer- 
ably formed by a trapezoid formed to have a side formed 
5 in connection with a longitudinal part of the second 
groove portion along the stripe-form semiconductor ele- 
ment forming portion as a bottom side and an upper side 
shorter than the bottom side which is positioned on a side 
of the second dummy electrode. 
io The stripe direction of the semiconductor element 
forming area suitably formed with the above structure is 
a (011) direction. 

A method for manufacturing the above semiconduc- 
tor device comprises a step of forming a plurality of con- 
75 cave portions to define a plurality of island regions on a 
main surface of a semiconductor substrate; and a step 
of simultaneously forming a plurality of isolated conduc- 
tive regions by applying a conductive material in an 
oblique direction from above the main surface of the 
20 semiconductor substrate to the main surface by a vac- 
uum deposition method of high directivity and depositing 
a conductive material on areas of the substrate except 
portions of the substrate which lie on the concave por- 
tions and are masked from the application of the conduc- 
es tive material. 

TT — :. II.. .1 *JU.~. ~i »>»I**m*J if* ^ 
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stripe-form semiconductor element forming area. 

The conductive region forming step includes a step 
ol simultaneously forming an external lead connecting 

30 terminal electrode, which is integrally connected to one 
of the conductive regions formed in the stripe-form island 
region, in one of the plurality of concave portions which 
is adjacent to the stripe-form island region on the side 
from which the conductive material is applied in order to 

35 form the plurality of conductive regions. 

The island region forming step includes a step of 
forming a mesa projecting portion for connection with an 
external lead in one of the plurality of concave portions 
adjacent to the stripe-form island region on the side from 

40 which the conductive material is applied in order to form 
the plurality of conductive regions, and the conductive 
region forming step includes a step of forming the exter- 
nal lead connecting terminal electrode on the mesa pro- 
jecting portion. 

45 The projecting portion forming step includes a step 
of forming a first inclined surface outwardly extending 
from an edge portion of an upper surface of the project- 
ing portion towards a bottom surface of the concave por- 
tion, and the conductive region forming step includes a 

so step of forming a first wiring of the conductive material 
on the first inclined surface. 

The island region forming step includes a step of 
forming a branch portion of the stripe-form island region 
having at least one side projecting towards one of the 

55 concave portions in which the terminal electrode is 
formed, the branch portion having a second inclined sur- 
face which outwardly extends from the at least one side 
towards the bottom surface of the concave portion, and 
the conductive region forming step includes a step of 
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forming a second wiring of the conductive material on 
the second inclined surface. 

The vacuum deposition method preferably utilizes 
an electron beam deposition method. 

Further, another method for manufacturing the sem- s 
iconductor device of this invention comprises a step of 
forming a plurality of concave portions to define a plural- 
ity of island regions on the main surface of a semicon- 
ductor substrate, the concave portion forming step 
including a step of selectively forming inclined surfaces 10 
respectively extending inwardly and outwardly from edge 
portions of the upper surface of the island region towards 
a bottom surface of the concave portion; and a step of 
simultaneously forming a plurality of isolated conductive 
regions by applying a conductive material from above the is 
main surface of the semiconductor substrate to the main 
surface by a vacuum deposition method of high directiv- 
ity to deposit the conductive material, in areas of the sub- 
strate except portions of the substrate which lie on the 
concave portions and are masked from the application 20 
of the conductive material, the step of forming the plural- 
ity of conductive regions including a step of selectively 
connecting one of the conductive regions formed in the 
island regions to one of the conductive regions formed 
in the concave portions via one of the plurality of con- 25 
ductive regions formed on the inclined surface. 

One of the plurality of island regions is a stripe-form 
semiconductor element forming area having a branch 
portion, the branch portion has an inclined surface which 
outwardly extends from an edge portion of the upper sur- 30 
face thereof towards the bottom surface of the concave 
portion, the stripe-form semiconductor element forming 
area has an inclined surface which inwardly extends from 
an edge portion of the upper surface thereof towards the 
bottom surface of the concave portion, and the conduc- 35 
tive region formed on the stripe-form area is connected 
to the conductive region formed in the adjacent one of 
the concave portions via the conductive region formed 
on the outwardly extending inclined surface of thebranch 
portion. 40 

An external lead connecting terminal electrode inte- 
grally connected to the conductive region formed in the, 
stripe-form semiconductor element forming arela may be 
simultaneously formed in one of the plurality of concave 
portions adjacent to the stripe-form element forming 45 
area. 

The island region forming step' includes a step of 
forming a mesa projecting portion for connection with the 
external lead in one of the plurality of concave portions 
adjacent to the stripe-form semiconductor element form- so 
ing area, the mesa projecting portion has an inclined sur- 
face outwardly extending from the edge portion of the 
upper surface of the projecting portion towards the bot- 
tom surface of the concave portion, and the conductive 
region forming step forms the external lead connecting 55 
terminal electrode on the mesa projecting portion, the 
terminal electrode being connected to the conductive 
region formed in the concave portion via the conductive 



region formed on the outwardly extending inclined sur- 
face of the mesa projecting portion. 

As described above, the electrode and wiring of the 
semiconductor device can be isolated in a self-alignment 
manner by designing the device such that a surrounding 
portion which is desired to be isolated will be optically 
masked by the irregularity of the surface of the semicon- 
ductor substrate Further, since the wiring connection 
can be easily made by forming an inclined surface on the 
boundary portion between the convex and concave por- 
tions of the main surface of the semiconductor substrate, 
it becomes possible to easily perform the wiring on the 
semiconductor substrate having an irregular surface by 
a method which does not require a complicated photoli- 
thography method and a rotation and revolution type 
deposition device described before. Further, if the 
dummy electrode is formed flush with the bonding pad, 
the adhesion to the substrate surface is enhanced when 
the substrate surface is mechanically masked in the later 
processing step, thus making it possible to prevent a bad 
influence by the processing step from being given to the 
bonding pad surface. 

Further, if a preset pattern isformed on the main sur- 
face of (100) plane of the semiconductor substrate by 
use of a mask by the wet etching of HCI, it is possible to 
easily form an inclined surface of (1/1/1) plane or (1 1 1) 
plane or inclined surfaces of (1/1/1) plane and (111) 
plane on the side surface perpendicular to a side of the 
convex portion (stripe portion) in the (011) direction 
formed on the main surface. In this case, Tin the (1/1/1) 
plane or the like indicates a bar attached to the top of " r. 
This also applies to the following description. 

This invention can be more fully understood from the 
following detailed description when taken in conjunction 
with the accompanying drawings, in which: 

FIG. 1 is a schematic perspective view of a conven- 
tional semiconductor laser substrate; 
FIG. 2 is a schematic perspective view of a semicon- 
ductor laser element having an electrode formed on 
the laser substrate of FIG. 1 ; 
FIGS. 3 A to 3E are cross sectional views of the laser 
device in the sequential steps of a method for man- 
ufacturing the conventional semiconductor laser ele- 
ment; 

FIG. 4 is a schematic perspective view of a semicon- 
ductor laser element according to a first embodiment 
of this invention; 

FIG. 5 is a cross sectional view of an enlarged por- 
tion indicated by a reference numeral 5 in FIG. 1 ; 
FIGS. 6 to 8 are perspective views of the substrate 
in the sequential steps of a substrate manufacturing 
method of the first embodiment; 
FIGS. 9A and 9B are cross sectional views taken 
along the lines 9A-9A and 9B-9B of FIG. 4, for illus- 
trating the electrode forming method in the first 
embodiment; 
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FIG. 10 is a schematic perspective view of a semi- 
conductor laser element according to a second 
embodiment of this invention; 
FIGS. 1 1 A and 1 1 B are cross sectional views taken 
along the lines 1 1 A-1 1 A and 1 1 B-1 1 B of FIG. 1 0, for 
illustrating the electrode forming method in the sec- 
ond embodiment; 

FIG. 12 is a schematic perspective view of a semi- 
conductor laser element according to a modification 
of the second embodiment of this invention; 
FIG. 13 is a plan view showing an enlarged portion 
of the peripheral portion of a bonding pad 214. for 
illustrating the electrode isolating state in FIG. 12; 
FIG. 14 is a schematic perspective view of a semi- 
conductor laser substrate according to a third 
embodiment of this invention; 
FIG. 15 is a schematic perspective view of a semi- 
conductor laser element having an electrode formed 
on the laser substrate of FIG. 14; 
FIG. 16 is a plan view of a semiconductor laser sub- 
strate according to a fourth embodiment of this 
invention; 

FIGS. 17A and 17B are cross sectional views taken 
along the lines 17A-17A and 17B-17B of FIG. 16, for 
illustrating the electrode forming method in the 
four in eitibOui merit; 

FIGS. 18A and 18B are plan and cross sectional 
views of the semiconductor laser device showing the 
state in which the semiconductor laser element of 
this invention is incorporated into a package; 
FIG. 19 is a schematic perspective view of a semi- 
conductor laser substrate according to a fifth 
embodiment of this invention; 
FIG. 20 is a schematic perspective view of a semi- 
conductor laser element having an electrode formed 
on the laser substrate of FIG. 15; 
FIG. 21 is a perspective view indicating the crystal 
orientations of the laser substrates used in the 
embodiments of this invention; 
FIG. 22 is a plan view indicating the crystal orienta- 
tions of the laser substrates used in the embodi- 
ments of this invention; and 

FIG. 23 is a schematic perspective view of ^semi- 
conductor laser element according to a sixth embod- 
iment of this invention. 

There will now be described an embodiment of this 
invention with reference to the accompanying drawings. 
Like parts are denoted by the same reference numerals 
throughout the following embodiments and the explana- 
tion therefor is omitted. 

(Embodiment 1) 

First the first embodiment is explained with refer- 
ence to FIGS. 4 to 9A, 9B. The embodiment shows the 
basic structure of this invention. 

FIG. 4 is a schematic perspective view of an 
InGaAsP/lnP-series semiconductor laser for optical 



communication. As shown in FIG. 4, a light emission 
area/waveguide (active layers) 210 of stripe form is 
formed on an n-lnP semiconductor substrate 201 by the 
crystal growth. As the growth method, the LPE method, 
5 MOCVD method or the like is used and the method is 
used to form the following compound semiconductor 
layer. 

The active layer 210 is formed of undoped InGaAsP- 
series compound semiconductor, for example. On each 

io side of the active layer 2 1 0. an n-type InP layer 202 acting 
as a current block layer and upper and lower p-type InP 
clad layers 203 and 204 disposed on the upper and lower 
surfaces of the current block layer are formed by the crys- 
tal growth as shown in FIG. 5 indicating an enlarged por- 

15 tion of a portion indicated by a reference numeral 5 of 
FIG. 4. 

Part of the stacked body containing the current block 
layer 202 is separated from the active layer 210 by 
means of stripe-form groove portion 205a, 205b. As 
20 shown in FIG. 7, the groove portions 205a and 205b are 
formed such that parts of the stacked body will be left 
behind on both sides of the active layer 210. A p-type 
InGaAs contact layer 206 is formed on the p-type InP 
clad layer 203 (FIG. 5). 
25 The grooves 205a, 205b are formed on both sides 
of the cictive layer 210 to construct a mesa structure. 
Since the groove portions 205a. 205b are formed such 
that parts of the stacked body will be left behind on both 
sides of the active layer 210 as described before, the 
30 mesa structure is formed with both side surfaces of the 
active layer surrounded by parts of the stacked body. A 
wide hollow space is formed in the groove portion 205b 
which is one of the groove portions formed on both sides 
of the active layer 210 and a mesa projecting portion for 
35 bonding pad is formed in the hollow space. In this 
embodiment, the plane shape of the mesa projecting 
portion is freely determined. 

The surface of the semiconductor substrate 201 
except the surface of the electrode portion is covered 
40 with an Si0 2 insulative film 207. Further, an ohmic con- 
tact electrode (AuZn) 212 for current injection is formed 
in a stripe form to cover the upper surface of the active 
layer 210. A surface electrode (Ti/Pt/Au) 213 is formed 
to cover the ohmic contact electrode 212 and to be elec- 
45 trically connected therewith. 

Further, a bonding pad (Ti/Pt/Au) 214a is formed on 
a projecting portion which is formed in the wide hollow 
space of the groove portion 205b on the surface of the 
semiconductor substrate 201 by the vacuum deposition 
so method. The surface electrode 213 and the bonding pad 
214a are electrically connected to each other via a wiring 
formed on the internal surface of the groove portion 205b 
formed in the surface area of the semiconductor sub- 
strate 201 . Therefore, the surface electrode 213. bond- 
55 ing pad 214a and the wiring for electrically connecting 
them together are integrally formed and construct an ele- 
ment electrode 220 as a whole. 

Dummy electrodes 223, 224 are formed in addition 
to the element electrode 220 on the main surface of the 
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semiconductor substrate 201 having irregular surface 
portions and the electrodes cover substantially the entire 
portion of the main surface. The dummy electrode 223 
is isolated from the element electrode 220 in the bottom 
portion of the groove portion 205b having the wide hollow 5 
space. This is because a conductive material is not 
deposited on the boundary portion between the area in 
which the dummy electrode 223 is formed and the groove 
portion (hollow space) 205b as will be described later. 
The side surface of the dummy electrode which faces the 7 0 
surface electrode 213 is constructed by a side which is 
in parallel to or oblique with respect to the electrode 213 
and does not have a side which is perpendicular to the 
extending direction of the electrode 213. The reason for 
this is explained later. 15 

The side surface of the dummy electrode 224 is 
formed in parallel to the side surface of the surface elec- 
trode 213 with the groove portion 205a disposed there- 
between, and the dummy electrode 224 terminates at 
least at the bottom portion of the groove portion 205a 20 
and is isolated from the element electrode 220. This is 
because a conductive material is not deposited on the 
boundary portion between the groove portion 205a and 
the stripe-form convex portion containing the active layer 
210. The electrodes 220, 223, 224 are formed of the 25 
same metal film (Ti/Pt/Au film). Since the dummy elec- 
trodes 223, 224 are made flush with the bonding pad, a 
masking material can be strongly attached to the sub- 
strate surface when the masking material is attached in 
the later processing step, thereby making it possible to 30 
prevent the bonding pad surface from being influenced 
by entrance of chemical or the like. 

Next, a method of forming the electrodes on the 
semiconductor substrate is explained with reference to 
FIGS. 6 to 9A, 9B. An electron beam heating vacuum- 35 
deposition system of high directivity is used to deposit 
metal for the electrodes on the semiconductor substrate. 
The system is a deposition system utilizing the electron 
beam heating and striking process for applying an elec- 
tron beam, to a deposition material and heating and 40 
vaporizing the material. 

The buried active layer 210 is formed in the n^lnP- 
series semiconductor substrate 201, and the current 
block layers 202 and the upper and lower clad layers 203, 
204 which are disposed on the upper and lower sides of 45 
the respective current block layers $re formed on both 
sides of the active layer 210 by the crystal growth. The 
p-type contact layer 206 is formed on the upper surface 
of the p-type dad layer 203 (FIG. 6). 

Next, as shown in FIG. 7, a photoresist 225 of preset so 
pattern is formed on the main surface of the semicon- 
ductor substrate 201. The photoresist 225 is formed by 
transferring a design pattern which is designed such that 
a portion in which the electrode is desired to be isolated 
will be optically masked and a portion in which a contin- ss 
uous electrode wiring is desired to be formed will not be 
optically masked. 

Next the main surface of the semiconductor sub- 
strate is subjected to the wet etching with the photoresist 



225 used as a mask. The p-type contact layer 206 is 
selectively etched out by use of an etchant for selectively 
removing the contact layer, for example, a solution 
(H2S0 4 : H2O2 : H2O = 4 : 1 : 1) or solution (HCI : 
CH3COOH : H2O = 1 : 2 : 1) and the current block layer 
and clad layer are etched by HCI which is an etchant with 
the contact layer 206 used as a mask to form the groove 
portions 205a, 205b on both sides of the stripe-form 
active layer 210. By the two groove portions 205a, 205b, 
the surface portion of the semiconductor substrate 201 
is separated into three island regions 271, 272, 273. 

The etching process is effected with the contact 
layer 206 used as a mask and the exposed portions of 
the stacked body are etched out along the broken lines 
indicated in FIG. 7. Generally, the etching process is 
effected until the p-type clad layer 204 is removed, but it 
is possible to etch out the clad layer 204 to the total thick- 
ness thereof and slightly etch the surface portion of the 
semiconductor substrate 201 . The wide hollow space is 
formed in the groove portion 205b and a projecting por- 
tion 251a is formed in the hollow space (FIG. 8). 

An ohmic contact electrode (AuZn) 212 which is an 
electrode for current injection is formed on the p-type 
contact layer which is formed on the active layer 210. In 
an area in which the electrode 212 for current injection 
is not formed, for example, an insulative film 207 of Si0 2 
is formed by the CVD (Chemical Vapor Deposition) 
method or the like. An electrode such as a terminal elec- 
trode is formed on the above insulative film. 

The exposed surface of the active layer of the sem- 
iconductor laser of this embodiment and the surface 
thereof opposite to the exposed surface construct a res- 
onant surface, but since the semiconductor layers shown 
around the resonant surface in FIG. 8 and in the suc- 
ceeding drawings are the same in structure, layers other 
than the active layer are not shown in the drawing if they 
are not particularly necessary. 

Next, as shown in FIGS. 9A, 9B, metal particles are 
applied in a direction of arrow 215 and deposited on the 
main surface of the semiconductor substrate 201 on 
which the insulative film 207 and the electrodes 212 for 
current injection are formed. The metal particles are 
applied to the entire portion of the main surface of the 
semiconductor substrate 201 . In this example, the direc- 
tion of application of the metal particles is set to a direc- 
tion from the upper right to the lower left in the drawing. 
The directivity of the metal particles emitted from the 
electron beam heating and depositing device is high, and 
the rotation and revolution mechanism must be used in 
the prior art in order to uniformly deposit the metal par- 
ticles, but in this invention, separation and connection of 
the electrode wiring can be easily attained in a self-align- 
ment manner by utilizing the directivity and the irregular- 
ity of the main surface of the semiconductor substrate on 
which metal particles are deposited. FIGS. 9A and 9B 
are cross sectional views taken along the lines 9A-9A 
and 9B-9B of FIG. 4. 

For example, if metal particles are applied to the 
semiconductor substrate in the direction 215 as shown 
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in the drawing, the convex portion on which the right side 
dummy electrode 223 is formed acts as a barrier to pre- 
vent the metal particles from being deposited on a por- 
tion near the side surface of the groove portion 205b 
adjacent thereto. Therefore, the element electrode 220 
formed on the bottom surface of the groove portion 205b 
is isolated from the dummy electrode 223. On the other 
hand, the side surface of the groove portion 205b oppo- 
site to the above side surface is exposed to the metal 
particles and the metal particles are deposited on the 
opposite side surface to form a wiring 281 . The element 
electrode 220 is constructed by the surface electrode 
21 3, bonding pad 21 4a and the wiring 281 for connecting 
th m together and the surface electrode 213 and the 
bonding pad 214a are electrically connected together 
with high reliability via the wiring formed on the side sur- 
face. 

The application angle of metal particles applied in 
an oblique direction from above the semiconductor sub- 
strate 201 with respect to a normal to the substrate can 
be freely set to a desired value. If the angle with respect 
to the normal is small, the area of deposition of the metal 
particles applied to the semiconductor substrate 
becomes large, thereby making the separation distance 
between the element electrode 220 and the dummy elec- 
trode 223 short. On the other hand, tt the angle is larger, 
the separation distance becomes longer. 

(Embodiment 2) 

Next, the second embodiment is explained with ref- 
erence to FIGS. 10, 11 A, 11 B. This embodiment has a 
feature in the shape of the bonding pad. 

FIG. 10 is a schematic perspective view of an 
InGaAsP/lnP-series semiconductor laser for. optical 
communication, and FIGS. 1 1 A and 1 1B are cross sec- 
tional views taken along the li nes 1 1 A- 1 1 A and 1 1 B- 1 1 B 
of FIG. 10. 

Stripe-form active layers 210 which are formed of, 
for example, undoped InGaAsP-series compound sem- 
iconductor are formed on an n-lnP semiconductor sub- 
strate 201. On each side erf the active layer 210, an,n- 
type InP layer acting as a current block layer and upper 
and lower p-type InP clad layers disposed on the upper 
and lower surfaces of the current block layer are formed. 
Part of the stacked body containing the current block 
layer is separated from the active layer 21 0 by means of 
stripe-form groove portion 205a, 205b. Like the case of 
FIG. 7, the groove portions 205a and 205b are formed 
such that parts of the stacked body will be left behind on 
both sides of the active layer 21 0. A p-type InGaAs con- 
tact layer is formed on the p-type clad layer. The grooves 
205a, 205b are formed on both sides of the active layer 
2 1 0 to construct a mesa structure. Since th ~ groove por- 
tions 205a. 205b are formed such that parts of the 
stacked body will be left behind on bpth sides of the 
active layer 210, the mesa structure is formed with both 
side surfaces of the active layer surrounded by parts of 
the stacked body. 



A wide hollow space is formed in the groove portion 
205b which is one of the groove portions formed on both 
sides of the active layer 210 and a projecting portion for 
bonding pad is formed in the hollow space. The surface 
5 of the semiconductor substrate 201 except the surface 
of the electrode portion is covered with an Si0 2 insulative 
film 207. Further, an ohmic contact electrode (AuZn) 212 
for current inj ection is formed in a stripe form to cover the 
upper surface of the active layer 210. 
10 In order to form the groove portions 205a, 205b, the 
same method used in the first embodiment is used. First, 
a photoresist of preset pattern is formed on the main sur- 
face of the semiconductor substrate 201. The photore- 
sist is formed by transferring a design pattern which is 
15 designed such that a portion in which the electrode is 
desired to be isolated will be optically masked and a por- 
tion in which a continuous electrode wiring is desired to 
be formed will not be optically masked. 

Next, the main surface of the semiconductor sub- 
20 strate is subjected to the wet etching with the photoresist 
used as a mask. Like the case of the first embodiment, 
the p-type contact layer is etched out by use of an etchant 
for selectively removing the contact layer, and the current 
block layer and clad layer are etched by HCi which is an 
25 etchant with the contact layer used as a mask to form the 
groove portions 205a, 205b on buih sides of ihe stripe- 
form active layer 210, and the surface portion of the sem- 
iconductor substrate 201 is separated into three island 
regions corresponding to the formation areas for the 
30 electrodes 213, 223 and 224. A wide hollow space is 
formed in the groove portion 205b and a projecting por- 
tion 251b is formed in the hollow space (FIG. 1 1 B). 

In the above etching process, since the InP semi- 
conductor substrate in which the main surface having the 
35 groove portions formed therein has a (1 00) plane is used 
as the semiconductor substrate, two inclined surfaces 
252 having a (111) plane and (1/1/1) plane are formed 
on two side surfaces of the projecting portion 251 b which 
is formed in a direction perpendicular to the stripe direc- 
40 tion ((01 1 ) direction) of the active layer 210. 

When the etching process is effected, a mask is 
formed on the projecting portion and the electrode form- 
ing area on the main surface, and in this state, the main 
surface is subjected to the wet etching process by use 
45 of an etchant such as HCI. Then, the side perpendicular 
to a direction other than the (011) direction in the side 
surfaces of the groove portions and the projecting portion 
251b is etched in a vertical direction, but the side along 
the (01/1) direction, that is, a direction perpendicular to 
so the stripe (lengthwise) direction is etched while the (1 1 1) 
plane or (1/1/1) plane is exposed. Therefore, the inclined 
surface 252 is formed on the side in a direction perpen- 
dicular to the stripe direction in the projecting portion 
251b. 

55 Thus, the etching characteristic differs according to 
the crystal structure, and when it is required to prevent 
an inclined surface from being formed on the side surface 
of the convex portion, it becomes necessary to prevent 
formation of a side in this direction. For this reason, in 
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this invention, a side extending in a direction perpendic- 
ular to the stripe direction is not formed in the convex 
portion on which the dummy electrode 223 is formed. 
The reason is thai if the dummy electrode has an inclined 
surface, it will be connected to the element electrode 220 5 
via a metal film deposited on the inclined surface. 

In order to deposit electrode metal on the semicon- 
ductor substrate, an electron beam system of high direc- 
tivity is used to deposit metal particles on the main 
surface of the semiconductor substrate 201 . The metal 
particles are applied to the entire portion of the main sur- 
face of the semiconductor substrate 201. The direction 
of application of the metal particles is set to a direction 
from the upper right to the lower left as indicated by the 
arrow 215 in FIGS. 9 A, 9B. Since the directivity of the 
metal particles emitted from the electron beam system 
is high, separation and connection of the electrode wiring 
can be easily attained in a self-alignment manner by uti- 
lizing the directivity and the inegularity of the main sur- 
face of the semiconductor substrate on which metal 
particles are deposited. 

For example, when metal particles are applied to the 
semiconductor substrate in a direction as indicated in the 
drawing, the convex portion on which the right side 
dummy electrode 223 is formed acts as a barrier to pre- 
vent the metal particles from being deposited on a por- 
tion near the side surface of the groove portion 205b 
adjacent thereto. Therefore, the element electrode 220 
formed on the bottom portion of the groove portion 205b 
is isolated from the dummy electrode 223. On the other 
hand, the side surface of the groove portion 205b oppo- 
site to the above side surface is exposed to the metal 
particles and the metal particles are deposited on the 
opposite side surface to form a wiring 281 . 

The projecting portion 251b for bonding pad formed 
on the groove portion 205b has six sides and two inclined 
surfaces of (1/1/1) plane and (1 1 1) plane are formed on 
the side in a direction ((01/1) direction) perpendicular to 
the stripe direction ((011) direction) of the active layer 
210. The inclined surface is exposed to the metal parti- 
cles and the metal particles are deposited on the inclined 
surface to form a wiring 282. Therefore, in the element 
electrode 220, the bonding pad 214b is electritally con- 
nected to the wiring 281 mainly via the wiring 282 on the 
inclined surface. The reliability of connection can be 
enhanced in comparison with a case of connection made 
only via the vertical surface. 

The dummy electrode is used for improvement of the 
adhesion of the mask and does not contribute to any con- 
nection between the elements or connection to the cir- 
cuit. The electrodes 220, 223, 224 are formed of a 
Ti/Pt/Auftlm. 

In the embodiment shown in FIG. 10. the bonding 
pad has six sides. However, the shape of the bonding 
pad is not limited to the above shape and the bonding 
pad may be formed to have eight sides as shown in FIG. 
12. FIG. 13 is a plan view showing an enlarged portion 
of the peripheral portion of the bonding pad 214c. 
Inclined surfaces 252 are formed on the sides of the 



bonding pad 214c perpendicular to the stripe 213 and 
wirings 282 are formed on the inclined surfaces. Since 
metal particles are applied in an oblique direction from 
the upper right, an isolating region 261 (an area in which 
no metal particles are deposited) is formed on the left 
side surface of the dummy electrode 223. An isolating 
region 262 is formed on the left side surface of the bond- 
ing pad 21 4c. The bonding pad 2 1 4c is connected to the 
surface electrode 213 via the wirings 282, 281. Further, 
an isolating region 263 is formed on the left side of the 
stripe-form surface electrode 213. 

If the wet etching process is effected to form a con- 
vex portion for bonding pad, the etching of the clad layer 
(InP) proceeds from four surfaces making 45 degrees 
with the stripe direction. Therefore, even if the etching 
mask for the bonding pad is square, the clad layer is 
etched into an octagonal shape. Therefore, it is prefera- 
ble to previously make the contact layer (InGaAs) formed 
on the upper surface of the clad layer, that is, the etching 
mask in an octagonal shape since formation of an eave 
of the contact layer can be prevented. 

As described above, in this embodiment, since the 
inclined surface is formed on the side surface of the 
bonding pad, the electrical connection can be attained 
with higher reliability. 

(Embodiment 3) 

Next, the third embodiment is explained with refer- 
ence to FIGS. 14, 15. This embodiment relates to 
another example of the shape of the bonding pad. 

F\G. 14 is a schematic perspective view of the sem- 
iconductor substrate of an InGaAsP/lnP-series semicon- 
ductor laser for optical communication, and FIG. 15 is a 
perspective view of the above semiconductor substrate 
on which electrodes are formed. 

Stripe-form active layers 210 which are formed of, 
for example, undoped InGaAsP-series compound sem- 
iconductor are formed on an n-lnP semiconductor sub- 
strate 201. On each side of the active layer 210, an n- 
type InP layer acting as a current block layer and upper 
and lower p-type InP clad layers disposed on the upper 
and lower surfaces of the current block layer are formed. 
Part of the stacked body containing the current block 
layer is separated from the active layer 210 by means of 
stripe-form groove portion 205a, 205b. 

Like the case of FIG. 7 of the embodiment 1, the 
groove portions 205a and 205b are formed such that 
parts of the stacked body will be left behind on both sides 
of the active layer 210. A p-type InGaAs contact layer is 
formed on the p-type dad layer. The grooves 205a, 205b 
are formed on both sides of the active layer 210 to con- 
struct a mesa structure Since the groove portions 205a, 
205b are formed such that parts of the stacked body will 
be left behind on both sides of the active layer 210. the 
mesa structure is formed with both side surfaces of the 
active layer surrounded by parts of the stacked body. 

A wide hollow space is formed in the groove portion 
205b which is one of the groove portions formed on both 
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sides of the active layer 210 and a projecting portion 
251 d for bonding pad is formed in the hollow space. The 
surface of the semiconductor substrate 201 except the 
surface of the electrode portion is covered with an Si0 2 
insulative film 207. Further, an ohmic contact electrode 
(AuZn) 212 for current injection is formed in a stripe form 
to cover the upper surface of the active layer 21 0. 

In order to form the groove portions 205a, 205b, the 
same method used in the first embodiment is used. First, 
a photoresist of preset pattern is formed on the main sur- 
face of the semiconductor substrate 201. The photore- 
sist is formed by transferring a design pattern which is 
designed such that a portion in which the electrode is 
desired to be isolated will be optically masked and a por- 
tion in which a continuous electrode wiring is desired to 
be formed will not be optically masked. 

Next, the main surface of the semiconductor sub- 
strate is subjected to the wet etching with the photoresist 
used as a mask. Like the case of the first embodiment, 
the p-type contact layer is etched out by use of an etchant 
for selectively removing the contact layer, and the current 
block layer and clad layer are etched by HCI which is an 
etchant with the contact layer used as a mask to form the 
groove portions 205a, 205b on both sides of the stripe- 
form active layer 21 0, and the surface portion of the sem- 
iconductor Subs ti cite 201 is separated into three island 
regions 271, 272, 273. 

A wide hollow space is formed in the groove portion 
205b and the projecting portion 251 d is formed in the 
hollow space (FIG. 14). None of the sides of the project- 
ing portion 251 d in the hollow space of the groove portion 
205b are set in a direction perpendicular to the stripe 
direction of the active layer 210. Likewise, none of the 
sides of the dummy electrode forming portion are set in 
a direction perpendicular to the stripe direction of the 
active layer 210 so as to prevent inclined surfaces from 
being formed on the side surface of the forming portion 
of the dummy electrode 223. 

I n the above wet etching process, since the InP sem- 
iconductor substrate in which the main surface having 
the groove portions formed therein has a (100) plane is 
used as the semiconductor substrate 201 and none of 
the sides of the projecting portion 251d are set ih ^direc- 
tion perpendicular to the stripe direction ((011) direction) 
of the active layer 210, no inclined surface is formed on 
any side surface of the projecting portion 251d. There- 
fore, in this embodiment, the bonding pad will not be con- 
nected to the electrode portion via the inclined surface. 

In order to vapor-deposit electrode metal on the 
semiconductor substrate, an electron beam heating 
vapor-depositing system of high directivity is used to 
deposit metal particles on the main surface of the semi- 
conductor substrate 201 so as to form electrodes (FIG. 
1 5). The direction of application of the metal particles is 
set to a direction from the upper right to the lower left in 
FIG. 15. Since the directivity of the metal particles emit- 
ted from the electron beam heating vapor-depositing 
system is high, separation and connection of the elec- 
trode wiring can be easily attained in a self-alignment 



manner by utilizing the directivity and the irregularity of 
the main surface of the semiconductor substrate on 
which metal particles are deposited. 

For example, when metal particles are applied to the 

5 semiconductor substrate in a direction from the upper 
right in the drawing, the convex portion on which the right 
side dummy electrode 223 is formed acts as a barrier to 
prevent the metal particles from being deposited on a 
portion near the side surface of the groove portion 205b 

io adjacent thereto. Therefore, part of the element elec- 
trode 220 formed on the bottom portion of the groove 
portion 205b is isolated from the dummy electrode 223. 
On the other hand, the side surface of the groove portion 
205b which lies on the active layer 210 side is exposed 

is to the metal particles and the metal particles are depos- 
ited to form a wiring and the like. Therefore, the bonding 
pad 21 4d is electrically connected to the surface elec- 
trode 213 via a wiring formed on the vertical side surface 
which is exposed to the metal particles. Likewise, the ele- 

20 ment electrode 220 and the dummy electrode 224 are 
isolated on the boundary between the groove portion 
205a and the stripe-form convex portion on which the 
surface electrode 213 is formed. The purpose of the 
dummy electrode is the same as that of the embodiment 

25 1 and it does not contribute to connection to the circuit 
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220. 223, 224 are formed of a Ti/Pt/Au film. 

In this embodiment, connection between the bond- 
ing pad and the wiring portion can be made without form- 
30 ing inclined surfaces on the bonding pad and the 
structure is preferable when it is required to reduce the 
size of the elements- 
embodiment 4) 

35 

Next, the fourth embodiment is explained with refer- 
ence to FIGS. 16, 17A, 17B. This embodiment is an 
example in which a branch (projecting) portion is formed 
on the stripe-form side surface containing the active 

40 layer, inclined surfaces are formed on sides perpendic- 
ular to the stripe of the branch, and inverted mesa struc- 
tures are formed on those of the side surfaces of the 
groove portion and convex portion on which the inclined 
surface are not formed. 

45 FIG. 16 is a plan view of the semiconductor sub- 
strate of an InGaAsP/lnP-series semiconductor laser for 
optical communication, FIGS. 17A and 17B are cross 
sectional views taken along the lines 17A-17A and 17B- 
17Bof FIG. 16. 

so Stripe-form active layers 210 which are formed of, 
for example, undoped I nGaAsP -series compound sem- 
iconductor are formed on an n-lnP semiconductor sub- 
strate 201. On each side of the active layer 210, an n- 
type InP layer acting as a current block layer and upper 

55 and lower p-type InP clad layers disposed on the upper 
and lower surfaces of the current block layer are formed. 
Part of the stacked body containing the current block 
layer is separated from the active layer 210 by means of 
stripe-form groove portions 205a and 205b. 
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Like the case pf FIG. 7 of the embodiment 1 , the 
groove portions 205a and 205b are formed such that 
parts of the stacked body will be left behind on both sides 
of the active layer 210. A p-type InGaAs contact layer is 
formed on the p-type clad layer. The grooves 205a. 205b 5 
are formed on both sides of the active layer 21 0 to con- 
struct an (inverted) mesa structure. Since the groove 
portions 205a, 205b are formed such that parts of the 
stacked body will be left behind on both sides of the 
active layer 210, the mesa structure is formed with both 10 
side surfaces of the active layer 21 0 surrounded by parts 
of the stacked body. 

A wide hollow space is formed in the groove portion 
205b which is one of the groove portions formed on both 
sides of the active layer 210 and a projecting portion 75 
251 c for bonding pad is formed in the hollow space. The 
surface of the semiconductor substrate 201 except the 
surface of the electrode portion is covered with an Si0 2 
insulative film 207. Further, an ohmic contact electrode 
(AuZn) 212 for current injection is formed in a stripe form 20 
to cover the upper surface of the active layer 210. 

In order to form the groove portions 205a, 205b, the 
same method used in the first embodiment is used. First, 
a photoresist of preset pattern is formed on the main sur- 
face of the semiconductor substrate 201 . The photore- 25 
sist is formed by transferring a design pattern which is 
designed such that a portion in which the electrode is 
desired to be isolated will be optically masked and a por- 
tion in which a continuous electrode wiring is desired to 
be formed will not be optically masked. 30 

Next, the main surface of the semiconductor sub- 
strate is subjected to the wet etching with the photoresist 
used as a mask. Like the case of the first embodiment, 
the p-type contact layer is etched out by use of an etchant 
for sel ectively removing the contact layer, and the current 35 
block layer and clad layer are subjected to the isotropic 
etching with the contact layer used as a mask to form the 
groove portions 205a, 205b on both sides of the stripe- 
form active layer 210, and the surface portion of the sem- 
iconductor substrate 201 is separated into three island 40 
regions 271 , 272, 273. A wide hollow space is formed in 
the groove portion 205b and a projecting portion 251 e i$ 
formed in the hollow space. ' " '•' 

Branch portions 226, 227 are formed in the stripe 
portion in which the active layer 210 is formed and 45 
inclined surfaces 228, 229 of (1/1/1) plane and (111) 
plane are formed on a side extending in a direction per- 
pendicular to the stripe direction ((01 1) direction) (FIG. 
16). Inclined surfaces of (1/1/1) plane and (111) plane 
are formed on a side of the projecting portion 251 e in the so 
wide portion of the groove potion 205b which is perpen- 
dicular to the stripe direction of the active layer 210. How- 
ever, the side surfaces of the wide portion of the groove 
portion 205b are set in a direction different from that per- 
pendicular to the stripe direction of the active layer 210 55 
so that inclined surfaces will not be formed thereon. 
Those of the side surfaces of the groove portion 205b 
and the side surfaces of the projecting portion 251 e on 
which the inclined surfaces are not formed in an inverted 
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mesa shape (FIGS. 17A, 17B). The inverted mesa struc- 
ture can be formed by adequately selecting the type and 
application condition of the isotropic etchant 

In the above wet etching process, since the inP sem- 
iconductor substrate 201 in which the main surface hav- 
ing the groove portions 205a, 205b formed therein has 
a (100) plane is used as the semiconductor substrate 
201 and the branch portions 226, 227 on the stripe por- 
tion in which the active layer is formed and the projecting 
portion 251 e are formed to have sides perpendicular to 
the stripe direction of the active layer 210, inclined sur- 
faces are formed on the sides 228, 229, 252 thereof, in 
this embodiment, connection to the wiring is made 
mainly via the inclined surfaces. Therefore, connection 
to the bonding pad and connection to the wiring portion 
of the surface electrode 213 can be stably made. 

The bonding pad and the branch portion in this 
embodiment are formed in a rectangular shape, but they 
are formed in a rectangular shape having rounded cor- 
ners because of the lattice dependency of the etching as 
explained in the embodiment 2. 

In order to vapor-deposit electrode metal on the 
semiconductor substrate, an electron beam heating 
vapor-depositing system of high directivity is used to 
deposit metal particles on the main surface of the semi- 
conductor substrate 201 so as to form electrodes (FIGS. 
17A, 17B). The direction of application of the metal par- 
ticles is set to a direction from the upper right to the lower 
left as indicated by an arrow 230 in the drawing. Since 
the directivity of the metal particles emitted from the elec- 
tron beam heating vapor-depositing system is high, sep- 
aration of the electrode wiring can be easily attained in 
a self-alignment manner by utilizing the directivity and 
the inverted mesa structure constructed by the side sur- 
faces of the convex portion and the groove portion of the 
main surface of the semiconductor substrate. 

For example, when metal particles are applied to the 
semiconductor substrate 201 in a direction from above 
the semiconductor substrate in the drawing, the metal 
particles on the bottom portion of the groove portions 
205a t 205b and the metal particles on the convex por- 
tions on both sides of the groove portions are separated 
and the electrodes are divided into the element electrode 
220, dummy electrodes 223 and 224. In the electrode 
220, the bonding pad 21 4e is electrically connected to 
the wiring via the inclined surface of the projecting por- 
tion 251. The dummy electrode does not contribute to 
connection to the circuit or connection between the ele- 
ments. The electrodes 220, 223, 224 are formed of a 
Ti/Pt/Au film. 

Next, an example of the semiconductor laser device 
formed by mounting electrodes and leads on the semi- 
conductor laser element formed in the above embodi- 
ment is explained with reference to FIGS. 18A, 18B. 
FIGS. 18A and 18B are plan and cross sectional views 
of the semiconductor laser device, respectively. The 
anode electrode of the semiconductor laser device is 
formed of a copper base 232 metallized with gold. A heat 
sink 231 is mounted on the upper surface of the copper 
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base 232 and a semiconductor laser element 300 is 
bonded on the heat sink. A ceramic base 234 having a 
metallic cathode 233 on the surface thereof is bonded 
on the copper base 232. A cathode lead 235 is attached 
to the cathode electrode 233. The electrode of the laser 
element explained in the above embodiment is an anode 
electrode and is electrically connected to the anode elec- 
trode 232 of the laser device via a bonding wire 236 of 
Au or the like. The bonding wire 236 is connected to the 
bonding pad 214 of the element electrode 220 of the 
laser element 300. Although not shown in the drawing, 
a cathode electrode is formed on the rear surface of the 
semiconductor laser element 300 and the cathode elec- 
trode is electrically connected to the cathode electrode 
233 of the laser device via the heat sink 231. The heat 
sink 231 and the cathode electrode 233 are electrically 
connected to each other via a wire bonding 237 of Au or 
the like. 

As described above, in this embodiment, the com- 
pound semiconductor laser for optical communication is 
explained, but this invention can be applied to another 
semiconductor device. Further, dry etching such as RIE 
(Reactive Ion Etching) can be used instead of the wet 
etching using the etching solution in the embodiment. 

(Embodiment 5) 

Next the fifth embodiment is explained with refer- 
ence to FIGS. 19, 20. 

In the former embodiment, the bonding pad portion 
is formed on the projecting portion of the main surface 
of the semiconductor substrate, but this invention can 
also be applied to a case wherein the bonding pad por- 
tion is formed on the concave portion. In this case, the 
bonding pad portion is surrounded by the convex portion 
of the main surface of the semiconductor substrate. 

FIG. 19 is a schematic perspective view of the sem- 
iconductor substrate of an InGaAsP/ln P-series semicon- 
ductor laser for optical communication, and FIG. 20 is a 
schematic perspective view of the semiconductor struc- 
ture obtained by forming electrodes on the semiconduc- 
tor substrate. The composition and internal structure of 
the semiconductor substrate 201 are the same as those 
of the third embodiment shown in FIG. 14. Groove por- 
tions 205a t 205b are formed on both sides of the active 
layer 210 to construct a mesa structure. A wide hollow 
space 253 is formed in the groove portion 205b which is 
one of the groove portions formed on both sides of the 
active layer 210. The surface of the semiconductor sub- 
strate 201 except the surface of the electrode portion is 
covered with an Si0 2 insulative film 207. Further, an 
ohmic contact electrode (AuZn) 212 for current injection 
is formed in a stripe form to cover the upper surface of 
th active layer 210. In order to form the groove portions 
205a, 205b in the main surface of the semiconductor 
substrate, the same wet etching process as that used in 
the first embodiment is used. 

The wide hollow space 253 is formed in the groove 
portion 205b by the above method and a bonding pad 



portion is formed in this portion. Therefore, a convex por- 
tion 272 on which a dummy electrode is formed sur- 
rounds the bonding pad portion. The convex portion 272 
surrounding the wide portion is formed so as not to have 
5 any side perpendicular to the stripe direction of the active 
layer 210 so as to prevent inclined surfaces from being 
formed on the side surface thereof. 

In the wet etching process, since the InP semicon- 
ductor substrate 201 in which the main surface having 
10 the groove portions formed therein has a (100) plane is 
used as the semiconductor substrate 201 and none of 
the sides of the convex portion 272 are set in a direction 
perpendicular to the stripe direction ((011) direction) of 
the active layer 21 0, no inclined surface is formed on any 
is side surface of the convex portion 272. Therefore, in this 
embodiment, the bonding pad will not be connected to 
the electrode portion via the inclined surface (FIG. 19). 

In order to vapor-deposit electrode metal on the 
semiconductor substrate, an electron beam heating 
20 vapor-depositing system of high directivity is used to 
deposit metal particles on the main surface of the semi- 
conductor substrate 201 so as to form electrodes (FIG. 
20). The direction of application of the metal particles is 
set to a direction from the upper right to the lower left in 
25 FIG. 20. Since the directivity of the metal particles emit- 
ied lYofn the e!eciron beam heating vapor-depositing 
system is high, separation and connection of the elec- 
trode wiring can be easily attained in a self-alignment 
manner by utilizing the directivity and the irregularity of 
30 the main surface of the semiconductor substrate on 
which metal particles are deposited. 

For example, when metal particles are applied to the 
semiconductor substrate in a direction from the upper 
right in the drawing, the convex portion 272 on which the 
35 right side dummy electrode 223 is formed acts as a bar- 
rier to prevent the metal particles from being deposited 
on a portion near the side surface of the groove portion 
205b adjacent thereto. Therefore, the element electrode 
220 formed on the bottom portion of the groove portion 
40 205b is isolated from the dummy electrode 223. On the 
other hand, the side surface of the groove portion 205b 
opposite to the above side surface is exposed to the 
metal particles and the metal particles are deposited to 
form a wiring and the like. Therefore, in the element elec- 
45 trode 220, the bonding pad 2 1 4f is electrically connected 
to the surface electrode 21 3 of the element electrode 220 
via the vertical side surface. Further, since there is an 
area in which the metal particles are not deposited on 
the boundary portion between the groove portion 205a 
so having no wide portion and the stripe-form convex por- 
tion on which the electrode portion 213 is formed, the 
surface electrode portion 21 3 and the dummy electrode 
224 are isolated from each other. The dummy electrode 
does not contribute to connection to the circuit or con- 
55 nection between the elements. The electrodes 220. 223, 
224 are formed of a Ti/Pt/Au film. 

FIGS. 21 and 22 are a perspective view and plan 
view indicating the crystal orientations of the compound 
semiconductor substrates used in the semiconductor 
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devices of this invention explained in the above embod- 
iments. The crystal plane of the main surface of the sem- 
iconductor substrate 201 on which the active layer 210 
is formed is a (100) plane. The stripe-direction of the 
stripe-form active layer 210 is a (011) direction, and 5 
therefore, the resonant surface A at which the active 
layer 21 0 is exposed has a (01 1) plane. The inclined sur- 
face 252 of the convex portion 251 has a (1 1 1 ) plane and 
(1/1/1) plane. 

The above embodiments relate to the BH structure 10 
( Buried Hetero structure). However, this invention can be 
applied to the RWG structure (Ridge- Waveguide struc- 
ture) and one example is explained below. 



(Embodiment 6) 
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FIG. 23 is a schematic perspective view of an 
InGa AsP/lnP-series compound semiconductor laser for 
optical communication according to a sixth embodiment 
This embodiment is different from the above embodi- 20 
merits only in the structure of the semiconductor sub- 
strate and the electrode structure on the surface is 
exactly the same, and therefore, the method of this inven- 
tion can be applied to effect the electrode forming proc- 
ess. 25 

A light emitting layer of DH structure (Double Hetero 
structure) having an InGaAsP-series active layer 302 
and p-lnP clad layer 303 and n-lnP clad layer 304 which 
are disposed on the upper and lower surfaces of the 
active layer is formed in a plane form on an n-lnP semi- 30 
conductor substrate 301 . A p-lnGaAs contact layer 306 
is formed on the entire surface of the p-lnP clad layer. 

A mask of a shape corresponding to the electrode 
shape is formed on the contact layer 306 and the same 
etching process as in the embodiment 1 is effected to 35 
remove an unnecessary portion of the contact layer 306. 
Next, the p-lnP clad layer 303 is selectively etched out 
with the patterned contact layer 306 used as a mask by 
HCI. At this stage, convex portions such as bonding pads 
and inclined surfaces thereof are formed. 40 

An insulative film 306 is formed on the entire surface 
portion of the substrate obtained when the active Jayer. 
302 is etched and exposed in a preset area. After this, 
an insulative film 307 on the upper portion of a ridge por- 
tion on which the substrate electrode 213 is formed in 45 
the later step is removed in a stripe form. Then, an ohmic 
contact electrode (AuZn) 212 is formed on the p-type 
contact layer 306 on the ridge portion. 

After this, like the former embodiments, an electrode 
material is vapor-deposited in an oblique direction from so 
above the bonding pad side to form an element electrode 
220 constructed by the surface electrode 21 3 and bond- 
ing pad 21 4g which are electrically connected to each 
other and dummy electrodes 223. 224 which are electri- 
cally isolated from each other. 55 

Thus, this invention can simplify the electrode form- 
ing process even in the semiconductor device of RWG 
structure. 



As described above, in this invention, the wiring can 
be easily performed on the semiconductor substrate 
having an irregular surface. Further, the wiring can be 
performed in a self-alignment manner by arranging the 
grooves and mesa structure such that a portion in which 
electrode metal is desired to be disconnected will be opti- 
cally masked and a portion in which electrode metal is 
desired to be made continuous will not be optically 
masked, and as a result, the manufacturing process can 
be simplified. Further, in a case where the dummy elec- 
trode is formed flush with the bonding pad, the adhesion 
between the mask and the substrate at the time of mask- 
ing is enhanced to prevent the processing step from giv- 
ing a bad influence to the bonding pad. 

Claims 

1 . A semiconductor device characterized by compris- 
ing: 

a rectangular semiconductor chip (201, 301) 
having a main surface; 

a stripe-form semiconductor element forming 
portion (271) formed in parallel to one of sides of 
said semiconductor chip (201, 301) to cross the 
main surface; 

a first groove portion (205a) formed along 
one of sides of said semiconductor element forming 
portion (271) in a longitudinal direction; 

a second groove portion (205b) formed along 
the other of said sides of said semiconductor ele- 
ment forming portion (271) in the longitudinal direc- 
tion, said second groove portion (205b) including a 
hollow space which is enlarged in substantially a 
central portion; 

a surface electrode (213) formed on at least 
part of an upper portion of said semiconductor ele- 
ment forming portion (271); 

an external lead connecting terminal elec- 
trode (214a, 214b. 214C. 214d, 214e. 214f, 214g) 
formed in said hollow space; 

a wiring (281) including at least a portion 
formed on part of a bottom surface of said second 
groove portion (205b) and that one of side surfaces 
of said second groove portion (20a>) which is adja- 
cent to said semiconductor element forming portion 
(271), for electrically connecting said surface elec- 
trode (213) to said terminal electrode (214a, 214b, 
214c, 214d, 214e, 214f, 214g); 

a first dummy electrode (224) formed at least 
on the main surface of said semiconductor chip 
(201 , 301 ) to face said semiconductor element form- 
ing portion (271 ) with said f irst groove portion (205a) 
disposed therebetween; and 

a second dummy electrode (223) formed on 
the main surface of said semiconductor chip (201 . 
301) to face said semiconductor element forming 
portion (271) with said second groove portion (205b) 
including the hollow space disposed therebetween. 



13 



25 



EP 0 717 477 A2 



26 



A semiconductor device according to claim 1 . char- 
acterized in that said surface electrode (213) is dis- 
connected from said first dummy electrode (224) at 
least at that one of side surfaces of said first groove 
portion (205a) which is adjacent to said stripe-form 5 
semiconductor element forming portion (271), and 
said second dummy electrode (223) is disconnected 
from said wiring (281) at least at that one of the side 
surfaces of said second groove portion (205b) which 
is adjacent to said second dummy electrode (223). io 

A semiconductor device according to claim 1 , which 
further comprises a mesa projecting portion (251, 
251a, 251b, 251d, 251e) formed in the hollow space 
and having a side surface on which said wiring (281 , is 
282) is formed to extend, and in which said terminal 
electrode (214a, 214b, 214c, 214d, 21 4e, 214g) is 
formed on an upper surface of said projecting por- 
tion (251, 251a, 251b, 251 d, 251 e) and connected 
to said surface electrode (213) via said wiring (281 , 20 
282) which is formed to extend on the side surface 
of said projecting portion (251, 251a, 251b, 251 d, 
251 e). 

A semiconductor device according to claim 3, char- 25 
acterized in that the upper surface of said projecting 
portion (251 , 251a, 251b, 251d. 251 e) is made flush 
with the main surface of said chip (201, 301). 

A semiconductor device according to claim 3, char- 30 
acterized in that said projecting portion (251, 251a, 
251 b, 251 d, 251 e) is formed to have a side which is 
perpendicular to the longitudinal side of said semi- 
conductor element forming portion (271) and an 
inclined surface (252) extending to an exterior of 35 
said projecting portion (251, 251a, 251b, 251d, 
251 e) towards the bottom surface of said second 
groove portion (205b) from an above side, and said 
wiring (282) is formed on the inclined surface (252). 

* * 40 

A semiconductor device according to claim 3, char- 
acterized in that the side surface of said projecting . 
portion (251 , 251a, 251b, 251d, 251 e) except a por- 
tion in which the inclined surface (252) is formed has 
a side surface which is formed to vertically or 45 
inwardly extend from an edge portion of the upper 
surface of said projecting portion (251 , 251a, 251b, 
251 d, 251 e). 

A semiconductor device according to claim 1 , char- so 
acterized in that said semiconductor element form- 
ing portion (271) is formed to include a branch 
portion (226, 227) extending in a direction towards 
the hollow space included in said second groove 
portion (205b), said branch portion (226, 227) is 55 
formed to have a side which is perpendicular to the 
longitudinal side of said semiconductor element 
forming portion (271) and an inclined surface (228, 
229) extending to an exterior of said branch portion 



(226, 227) towards the bottom surface of said sec- 
ond groove portion (205b) from an above side, and 
said wiring (282) is formed on the inclined surface 
(228, 229). 

8. A semiconductor device according to claim 7, char- 
acterized in that the side surfaces of said semicon- 
ductor element forming portion (271) except a 
portion in which said branch portion (226, 227) is 
formed have side surfaces which are formed to ver- 
tically or inwardly extend from edge portions of the 
upper surface of said semiconductor element form- 
ing portion (271). 

9. A semiconductor device according to daim 1 , char- 
acterized in that side surfaces of areas (272, 273) in 
which said first dummy electrode (224) and said sec- 
ond dummy electrode (223) are formed adjacent to 
said first groove -portion (205a) and said second 
groove portion (205b). respectively, have side sur- 
faces vertically or inwardly extending from edge por- 
tions of upper surfaces of the areas (272, 273). 

10. A semiconductor device according to claim 1 , char- 
acterized in that that side surface of an area (272) 
having said second dummy eiectrode (223) formed 
therein which faces said semiconductor element 
forming portion (271) is constructed only by a side 
surface parallel to the longitudinal direction of said 
semiconductor element forming portion (271) and a 
side surface set to face the longitudinal side surface 
of said semiconductor element forming portion (271 ) 
with a tilt tangle. 

1 1 . A semiconductor device according to claim 1 , char- 
acterized in that a plane shape of said hollow space 
is a trapezoid having a side formed in connection 
with a longitudinal part of said second groove portion 
(205b) along said stripe-form semiconductor ele- 
ment forming portion (271) as a bottom side and an 
upper side shorter than the bottom side which is 
positioned on a side of said second dummy elec- 
trode (223). 

12. A semiconductor device according to claim 1 , char- 
acterized in that the stripe direction of said semicon- 
ductor element forming portion (271) is a (011) 
direction. 

13. A semiconductor device characterized by compris- 
ing: 

a rectangular semiconductor chip (201. 301) 
having a main surface; 

a stripe-form semiconductor element forming 
portion (271) formed in parallel to one of sides of 
said semiconductor chip (201. 301) to cross the 
main surface; 

a first groove portion (205a) formed along 
one of sides of said semiconductor element forming 
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portion (271) in a longitudinal direction; 

a second groove portion (205b) formed along 
the other of the sides of said semiconductor element 
forming portion (271) in the longitudinal direction, 
said second groove portion (205b) including a hoi- 5 
low space, which is enlarged in substantially a cen- 
tral portion, and having a side surface facing said 
stripe-form semiconductor element formation por- 
tion (271), which is constructed only by a side sur- 
face parallel to the longitudinal direction of said w 
semiconductor element forming portion (271) and a 
side surface set to face the longitudinal side of said 
semiconductor element forming portion (271) with a 
tilt angle; 

a surface electrode (213) formed on at least 75 
part of an upper portion of said semiconductor ele- 
ment forming portion (271); 

an external lead connecting terminal elec- 
trode (214a, 214b, 214c, 214d, 214e, 214f, 214g) 
formed in said hollow space; 20 

a wiring (281) including at least a portion 
formed on part of a bottom surface of said second 
groove portion (205b) and that one of side surfaces 
of said second groove portion (205b) which is adja- 
cent to said semiconductor element forming portion 2 s 
(271), for electrically connecting said surface elec- 
trode (213) to said terminal electrode (214a, 214b, 
214c, 214d, 214e, 214f, 214g); 

a first dummy electrode (224) formed at least 
on the main surface of said semiconductor chip 30 
(201 , 301) to face said semiconductor element form- 
ing portion with said first groove portion (205a) dis- 
posed therebetween, said first dummy electrode 
(224) being disconnected from said surface elec- 
trode (213) at least at that one of the side surfaces 35 
of said first groove portion (205a) which is adjacent 
to said stripe-form semiconductor element forming 
portion (271); and 

a second dummy electrode (223) formed on 
the main surface of said semiconductor chip to face 40 
said semiconductor element forming portion (271) 
with said second groove portion (205b) including the. 
hollow space disposed therebetween, 6ai<3 second 
dummy electrode (223) being disconnected from 
said wiring (281) at least at that one of the side sur- 45 
faces of said second groove portion (205b) which is 
adjacent to said second dummy electrode (223). 

characterized in that said surface electrode 
(213), said external lead connecting terminal elec- 
trode (214a. 214b. 214c, 214d. 214e, 214f, 214g), so 
said wiring (281), said first dummy electrode (224) 
and said second dummy electrode (223) are simul- 
taneously formed by applying a conductive material 
in an oblique direction from an upper side of an outer 
edge of said second dummy electrode (223) towards 55 
an outer edge of said first dummy electrode (224), 
perpendicular to the longitudinal direction of said 
stripe-form semiconductor element forming portion 



(271 ), by a vacuum deposition method of high direc- 
tivity. 

14. A semiconductor device according to claim 13. 
which further comprises a mesa projecting portion 
(251, 251a. 251b, 251d. 251e) formed in the hollow 
space and having a side surface on which said wir- 
ing (281) is formed to extend, and in which said ter- 
minal electrode (214a. 214b, 214c. 214d, 214e, 
21 4g) is formed on an upper surface of said project- 
ing potion (251. 251a. 251b. 251 d, 251 e) and con- 
nected to said surface electrode (2 1 3) via said wiring 
(281) which is formed to extend on the side surface 
of said projection portion (251, 251a. 251b, 251d, 
251 e). 

1 5* A semiconductor device according to claim 1 4, char- 
acterized in that the upper surface of said projecting 
portion (251 , 251a, 251b, 251d, 251 e) is made flush 
with the main surface of said chip (201 , 301). 

16. A semiconductor device accorcfing to claim 14, char- 
acterized in that said projection portion (251, 251a, 
251b, 251d, 251e) is formed to have a side which is 
perpendicular to the longitudinal side of said semi- 
conductor element forming portion (271) and an 
inclined surface (252) extending to an exterior of 
said projecting portion towards the bottom surface 
of said second groove portion (205b) from an above 
side, and said wiring (282) is formed on the inclined 
surface (252). 

1 7. A semiconductor device accorcfing to claim 14, char- 
acterized in that the side surface of said projecting 
portion (251 , 251 a, 251b, 251 d, 251 e) except a por- 
tion in which the inclined surface (252) is formed has 
a side surface which is formed to vertically extend 
from an edge portion of the upper surface of said 
projecting portion (251, 251a, 251b, 25ld, 251 e). 

18. A semiconductor device accorcfing to claim 13, char- 
acterized in that said semiconductor element form- 
ing portion (271) is formed to include a branch 
portion (226, 227) extending in a direction towards 
the hollow space included in said second groove 
portion (205b), said branch portion (226, 227) is 
formed to have a side which is perpendicular to the 
longitudinal side of said semiconductor element 
forming portion (271) and an inclined surface (228. 
229) extending to an exterior of said branch portion 
(226, 227) towards the bottom surface of said sec- 
ond groove portion (205b) from an above side, and 
said wiring (282) is formed on the inclined surface 
(228, 229). 

19. A semiconductor device accorcfing to claim 18, char- 
acterized in that the side surfaces of said semicon- 
ductor element forming portion (271) except a 
portion in which said branch portion (226, 227) is 
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formed have side surfaces which are formed to ver- 
tically extend from edge portions of the upper sur- 
face of said semiconductor element forming portion 
(271). 

20. A semiconductor device according to claim 1 3, char- 
acterized in that side surfaces of areas (272, 273) in 
which said first dummy electrode (224) and said sec- 
ond dummy electrode (223) are formed adjacent to 
said first groove portion (205a) and said second 
groove portion (205b), respectively, have side sur- 
faces vertically extending from edge portions of 
upper surfaces of the areas (272/273). 

21. A semiconductordevice according to claim 1 3, char- 
acterized in that a plane shape of said hollow space 
is a trapezoid having a side formed in connection 
with a longitudinal part of said second groove portion 
(205b) along said stripe-form semiconductor ele- 
ment forming portion (271) as a bottom side and an 
upper side shorter than the bottom side which is 
positioned on a side of said second dummy elec- 
trode (223). 

22. A method for manufacturing a semiconductordevice 
characterized by comprising the steps of: 

forming a plurality of concave portions (205a. 
205b) to define a plurality of island regions (271 , 
272, 273) on a main surface of a semiconductor sub- 
strate (201,301); and 

simultaneously forming a plurality of isolated 
conductive regions (213, 214, 223, 224) by applying 
a conductive material in an oblique direction from 
above the main surface of the semiconductor sub- 
strate (201, 301) to the main surface by a vacuum 
deposition method of high directivity and depositing 
a conductive material on areas of the substrate (201 , 
301) except portions of the substrate (201, 301) 
which lie on the concave portions (205a, 205b) and 
are masked from the application of the conductive 
material. 

23. A method for manufacturing a semiconductordevice 
according to claim 22, characterized in that one of 
said island regions (271, 272, 273) is a stripe-form 
semiconductor element forming area (271). 

24. A method for manufacturing a semiconductor device 
according to claim 23, characterized in that said con- 
ductive region forming step includes a step of simul- 
taneously forming an external lead connecting 
terminal electrode (214a, 214b, 214c, 214d, 214e, 
21 4f, 21 4g), which is integrally connected to one 
(213) of the conductive regions formed in the stripe- 
form island region (271 ) , in one (205b) of the plurality 
of concave portions (205a, 205b) which is adjacent 
to the stripe-form island region (271) on the side 
from which the conductive material is applied in 



order to form the plurality of conductive regions (213, 
214,223,224). 

25. A method for manufacturing a semiconductor device 
5 according to claim 23, characterized jn that said 

island region forming step includes a step of forming 
a mesa projecting portion (251, 251a, 251b, 251 d, 
251 e) for connection with an external lead in one 
(205b) of the plurality of concave portions (205a, 

io 205b) adjacent to the stripe-form island region (271 ) 
on the side from which the conductive material is 
applied in order to form the plurality of conductive 
regions (213, 214, 223, 224), and said conductive 
region forming step includes a step of forming the 

is external lead connecting terminal electrode (214a, 
214b, 214c, 21 4d, 21 4e, 21 4g) on the mesa project- 
ing portion (251, 251a, 251b, 251d, 251e). 

26. A method for manufacturing a semiconductor device 
20 according to claim 25, characterized in that said 

mesa projecting portion forming step includes a step 
of forming a first inclined surface (252) outwardly 
extending from an edge portion of an upper surface 
of the mesa projecting portion (251, 251a, 251b, 
25 251d, 251 e) towards a bottom surface of the con- 
cave portion (zu5b). and said conductive region 
forming step includes a step of forming a first wiring 
(2S2) of the conductive materia! on the first inclined 
surface (252). 

30 

27. A method for manufacturing a semiconductor device 
according to claim 26, characterized in that the sem- 
iconductor substrate (201 , 301 ) is formed of a com- 
pound semiconductor substrate having a (100) 

35 plane, the stripe-form semiconductor element form- 
ing area (271) is formed in a (01 1) direction, a side 
of the mesa projecting portion (251, 251a, 251b, 
251d. 251 e) for connection with the external lead on 
which the inclined surface (252) thereof is formed is 

40 set in a direction perpendicular to a longitudinal 
direction of the semiconductor element forming area 
(271 ), the inclined surface (252) of the mesa project- 
ing portion (251. 251a. 251b, 251d, 251 e) has at 
least one of (1/1/1 ) and (1 1 1) planes. 

45 

28. A method for manufacturing a semiconductor device 
according to claim 23. characterized in that said 
island region forming step includes a step of forming 
a branch portion (226, 227) of the stripe-form island 

so region (271) having at least one side projecting 
towards one (2093) of the concave portions (205a, 
205b) in which the terminal electrode (214a, 214b, 
214c, 214d, 214e, 214f. 21 4g) is formed, the branch 
portion (226, 227) having a second inclined surface 

55 (228, 229) which outwardly extends from the at least 
one side towards the bottom surface of the one 
(205b) of the concave portions (205a, 205b), and the 
conductive region forming step includes a step of 
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forming a second wiring of the conductive material 
on the second inclined surface (228, 229). 

29. A method for manufacturing a semiconductor device 
according to daim 28, characterized in that the serrv s 
iconductor substrate (201 . 301) is formed of a com- 
pound semiconductor substrate having a (100) 
plane, the stripe-form semiconductor element form- 
ing area (271) is formed in a (01 1) direction, a side 

of the branch portion (226, 227) on which the 10 
inclined surface (228, 229) hereof is formed is set in 
a direction perpendicular to a longitudinal direction 
of the semiconductor element forming area (271), 
the inclined surface (228, 229) of the branch portion 
(226, 227) has at least one of (1/1/1) and (111) is 
planes. 

30. A method for manufacturing a semiconductor device 
according to claim 22, characterized in that an elec- 
tron beam deposition method is used as the vacuum 20 
deposition method. 

31 . A method for manufacturing a semiconductor d ©vice 
characterized by comprising the steps of: 

forming a plurality of concave portions (205a, 25 
205b) to define a plurality of island regions (271, 
272, 273) on the main surface of a semiconductor 
substrate (201 , 301), said concave portion forming 
step including a step of selectively forming inclined 
surfaces respectively extending inwardly and out- 30 
wardiy from edge portions of the upper surfaces of 
the island regions (271, 272, 273) towards bottom 
surfaces of the concave portions (205a, 205b); and 

simultaneously forming a plurality of isolated 
conductive regions (213, 214, 223, 224) by applying 35 
a conductive material from above the main surface 
of the semiconductor substrate (201, 301) to the 
main surface by a vacuum deposition method of high 
directivity to deposit the conductive material, in 
areas of the substrate (201 , 301) except portions of 40 
the substrate (201, 301) which lie on the concave 
portions (205a, 205b) and are masked from the. 
application of the conductive material, Said step of 
forming the plurality of conductive regions including 
a step of selectively connecting one (21 3) of the con- 45 
ductive regions (213, 223, 224) formed in the island 
regions (271 , 272, 273) to one (21 4e) of the conduc- 
tive regions formed in one (205b) of the concave por- 
tions (205a. 205b) via one of the plurality of 
conductive regions formed on the inclined surface so 
(252). 

32. A method for manufacturing a semiconductor device 
according to claim 31 , characterized in that one of 

the plurality of island regions (271, 272, 273) is a 55 
stripe-form semiconductor element forming area 
(271 ) having a branch portion (226, 227), the branch 
portion (226, 227) has an inclined surface (228, 229) 
which outwardly extends from an edge portion of the 



upper surface thereof towards the bottom surface of 
the concave portion (205b), the stripe-form semi- 
conductor element forming area (271) has an 
inclined surface which inwardly extends from an 
edge portion of the upper surface thereof towards 
the bottom surface of the concave portions (205a, 
205b), and. one (213) of the conductive regions 
formed on the stripe-form area (271) is connected 
to one (21 4e) of the conductive regions formed in 
the adjacent one (205b) of the concave portions 
(205a, 205b) via one of the conductive regions 
formed on the outwardly extending inclined surface 
(228. 229) of the branch portion (226, 227). 

33. A method for manufacturing a semiconductor device 
according to claim 32, characterized in that an exter- 
nal lead connecting terminal electrode (21 4e) which 
is integrally connected to one (21 3) of the conductive 
regions formed in the stripe-form semiconductor ele- 
ment forming area (271 ) is simultaneously formed in 
one (205b) of the plurality of concave potions (205a, 
205b) adjacent to the stripe-form semiconductor ele- 
ment forming area (271). 

34. A method for manufacturing a semiconductor device 
according to claim 32, characterized in that island 
region forming step includes a step of forming a 
mesa projecting portion (251 e) for connection with 
an external lead in one (205b) of the plurality of con- 
cave potions (205a, 205b) adjacent to the stripe- 
form semiconductor element forming area (271 ), the 
mesa projecting portion (251 e) having an inclined 
surface (252) outwardly extending from the edge 
portion of the upper surface of the projecting portion 
(251 e) towards the bottom surface of one (205b) of 
the concave portions (205a, 205b), and said step of 
forming the plurality of conductive regions includes 
a step of forming the external lead connecting ter- 
minal electrode (21 4e) on the mesa projecting por- 
tion (21 5e) and connecting the same to one (281 ) of 
the conductive regions formed in the one (205b) of 
the concave portions (205a, 203b) via one (282) of 
the conductive regions formed on the outwardly 
extending inclined surface (252) of the mesa project- 
ing portion (251 e). 

35. A method for manufacturing a semiconductor device 
according to claim 34, characterized in that the sem- 
iconductor substrate (201 , 301) is formed of a com- 
pound semiconductor substrate having a (100) 
plane, the stripe-form semiconductor element form- 
ing area (271) is formed in a (011) direction, the 
sides of the branch portion (226. 227) and the mesa 
projecting portion (251 e) for connection with the 
external lead, on each of which the inclined surface 
(228, 229, 252) thereof is formed to outwardly 
extend, are set in a direction perpendicular to the 
longitudinal direction of the semiconductor element 
forming area (271), the outwardly extending inclined 
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surfaces (228, 229, 252) have at least one of (1/1/1) 
and (111) planes. 

36. A method for manufacturing a semiconductor device 
according to claim 31 , characterized in that an elec- s 
tron beam deposition method is used as the vacuum 
deposition method. 
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(54) Semiconductor device and method for manufacturing the same 

second groove portion (205b) disposed therebetween. 



(57) A semiconductor laser device includes a rec- 
tangular semiconductor chip (201,301) having a main 
surface, a stripe-form semiconductor element forming 
portion (271) formed in parallel to one of sides of the 
semiconductor chip (201,301) to cross the main sur- 
face, a first groove portion (205a) formed along one of 
sides of the semiconductor element forming portion 
(271) in a longitudinal direction, a second groove por- 
tion (205b) formed along the other side of the semicon- 
ductor element forming portion (271) in the longitudinal 
direction, the second groove portion (205b) including a 
hollow space which is enlarged in substantially a central 
portion, a surface electrode (213) formed on at least 
part of an upper portion of the semiconductor element 
forming portion (271), an external lead connecting ter- 
minal electrode (21 4a.21 4b,21 4c,21 4d,21 4e,21 4f, 
21 4g) formed in the hollow space, a wiring (281) formed 
on part of a bottom surface and a side surface, which is 
adjacent to stripe-form portion (271), of the second 
groove portion (205b), for electrically connecting the 
surface electrode (213) with the terminal electrode 
(214a,214b f 214c.214d.214e,214f,214g), a first dummy 
electrode (224) formed at least on the main surface of 
the semiconductor chip (201,301) to face the semicon- 
ductor element forming portion (271) with the first 
groove portion (205a) disposed therebetween, and a 
second dummy electrode (223) formed on the main sur- 
face of the semiconductor chip (201,301) to face the 
semiconductor element forming portion (271) with the 
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